The eastern North American migratory population of monarch butterflies (Danaus plexippus) has declined precipitously due, in part, to the widespread decline of its obligate host plant, milkweed (Asclepias spp.). Linear right-of-ways (e.g. roadsides, power line corridors) are believed to be a significant source of milkweed and represent a valuable target for restoration efforts. Although many current mowing practices in these habitats are detrimental for monarchs because mowing occurs too frequently or is poorly timed, strategic mowing could be beneficial for monarch reproduction if it produces young milkweed at the right time of season. To address this, forty-nine paired experimental and control plots containing common milkweed (Asclepias syriaca) were established along habitat adjacent to a two-lane highway in southern Ontario. Experimental plots were mowed once per season and followed one of eight mowing treatments that occurred between mid-June and early August. Milkweed characteristics and the presence of monarchs at all life stages were monitored within plots from late June through September. Overall, mowed plots had higher egg abundance than unmowed controls. Within mowed plots, egg abundance/plant was highest in plots mowed between the 2nd and 3rd weeks of July. At this latitude (43 N), mowing past this window was less effective and would have resulted in high mortality of developing monarchs. Our results suggest that mowing common milkweed once before egg laying peaks could maximize monarch butterfly reproduction in managed landscapes.
Introduction
To ensure long-term population viability for threatened species, two frequently adopted management actions are to restore lost habitat or enhance existing habitat quality through specific management practices (Scott et al., 2010) . Habitat management practices include maintaining habitat at a particular successional stage, provisioning focal species, controlling invasive species, and minimizing human disturbance (reviewed in Ausden, 2007) . In addition to these approaches, the timing, frequency, and extent of management practices will dictate the suitability of a habitat for a given species (reviewed in Ausden, 2007 and Durant et al., 2008) . For example, the timing of grazing in grasslands is important for reducing disturbance during critical life stages for ground-nesting birds (reviewed in Durant et al., 2008) .
The eastern North American population of monarch butterflies (Danaus plexippus) is well known for its long distance migration. Each autumn, monarchs migrate south to Oyamel fir (Abies religiosa) forests in the mountains of central Mexico, where they overwinter in large colonies (Brower, 1995) . In spring and summer, successive generations breed and migrate north to recolonize the United States and southern Canada (Brower, 1995; Flockhart et al. 2013 Flockhart et al. , 2019 . Milkweed plants (Asclepias spp., Cynanchum laeve) are the exclusive egg-laying (oviposition) substrate for female monarch butterflies and food source for monarch larvae. Depending on the air temperature, larvae spend approximately 10e20 days growing on milkweed prior to pupating and emerging as adults butterflies (Urquhart, 1960; Zalucki, 1982) . The eastern North American population of monarchs has declined precipitously in recent decades (Brower et al., 2012; Vidal and Rend on-Salinas, 2014) and there is concern over the long-term viability of this population (Flockhart et al., 2015; Semmens et al., 2016) . Consequently, monarchs are considered as a species-at-risk in Canada (COSEWIC, 2016) and action must be taken for this population to recover.
Monarch butterflies face multiple threats throughout the annual cycle, including habitat loss on the breeding (Flockhart et al., 2015; Pleasants, 2017) and overwintering grounds (Brower et al., 2002) , climate change and extreme weather events (Oberhauser and Peterson, 2003; Batalden et al., 2007) , and exposure to pollutants such as pesticides (Pecenka and Lundgren, 2015) . There is evidence to suggest that loss of milkweed on the breeding grounds (Flockhart et al., 2015; Pleasants, 2017) is the greatest limitation to monarch butterfly recovery Flockhart et al., 2015; Pleasants et al., 2017) . It has been estimated that over one billion milkweed stems have been lost since the 1990s, amounting to an estimated loss of 21e46% of the milkweed on the landscape (Flockhart et al., 2015; Pleasants, 2017) . This loss has been attributed to sharp declines of milkweed in agricultural fields (Hartzler, 2010) with the increased use of glyphosate herbicides in conjunction with glyphosate-tolerant crops such as corn and soy . Additionally, land use change (conversion to cropland, urban development) reduces milkweed availability (Lark et al., 2015; Pleasants, 2017) . While there is a concerted effort to increase the quantity of milkweed on the landscape (Borders and Lee-M€ ader, 2014) , effective recovery and conservation of monarch butterflies should also incorporate management strategies aimed at increasing milkweed quality.
Understanding female egg-laying preferences is important for developing management strategies aimed at increasing milkweed quality. Previous studies have documented a preference for taller plants (Zalucki and Kitching, 1982) in small (Zalucki and Kitching, 1982; Pitman et al., 2018) , low-density (Zalucki and Suzuki, 1987; Pitman et al., 2018) milkweed patches. Monarch butterflies also prefer to lay eggs on what are presumed to be higher quality younger shoots (Zalucki and Kitching, 1982) and, consequently, on regrowth milkweed that has been recently mowed (Fischer et al., 2015; Alcock et al., 2016) . Although higher densities of eggs have been observed in agricultural landscapes compared to non-agricultural landscape Pitman et al., 2018) , the rapid decline of milkweed in agricultural areas (Hartzler, 2010) has made non-agricultural areas increasingly important habitats for immediate restoration efforts.
In intensively managed non-agricultural landscapes, such as right-of-ways, naturally occurring milkweed is routinely mowed. Right-of-ways include roadsides, power line and utility corridors, and land adjacent to railroads. In the U.S. Midwest, an estimated 60e82% of roadsides in the past decade contained milkweed (Hartzler, 2010; Kasten et al., 2016) and across the monarch breeding range, milkweed on roadsides represents an estimated 10e34% of the currently available milkweed on the landscape (Flockhart et al., 2015; Pleasants, 2017) . While there can be lower egg densities on milkweed in roadside habitat compared to other non-agricultural habitats (Kasten et al., 2016; Pitman et al., 2018) , roadside right-of-ways cover an estimated 12 million acres of land in the U.S. (Forman et al., 2003) and represent a potentially undervalued conservation resource. However, common management practices for right-of-ways that are used to ensure road safety and aesthetics may be harmful to monarchs because mowing may occur too often or is poorly timed with monarch breeding. Whereas mowing may lead to direct mortality of developing monarchs, appropriately timed mowing can provide monarchs with fresh regrowth milkweed that is preferred for oviposition (Fischer et al., 2015) . In addition, mowing temporarily reduces the presence of predators (Haan and Landis, 2019) . Linking mowing practices to monarch egg-laying preference is, therefore, important for developing best management practices aimed at improving milkweed quality and understanding the conservation value of right-of-ways for monarchs. Reducing the frequency of mowing also increases species richness of native plants (Entsminger et al., 2017) while maintaining habitat in an early successional stage to benefit other insects that use right-of-ways (Munguira and Thomas, 1992; Berg et al., 2013) .
In this paper, we used a paired plot (mowed and unmowed control) experimental design in a linear right-of-way to examine the effects of mowing common milkweed (Asclepias syriaca) on monarch butterfly egg-laying preferences. To examine general egg-laying preferences of females, we first tested whether the presence of eggs on milkweed was related to milkweed height, condition (leaf colour and damage), and density. Next, our goal was to determine whether female monarchs showed a preference for a particular age of milkweed. Previous studies have shown that monarchs prefer to lay eggs on young milkweed shoots (Zalucki and Kitching, 1982) , including those that have been recently mowed and are regenerating (Fischer et al., 2015; Alcock et al., 2016; Haan and Landis, 2019) . In one study, common milkweed that was 15 days of age (i.e. 15 days since mowing) had the highest egg counts following mowing, and egg counts subsequently declined as the milkweed aged (Fischer et al., 2015) . We hypothesized that there would be a parabolic relationship between milkweed age and oviposition rates because monarchs prefer to lay eggs on young milkweed, but milkweed is not immediately available after mowing. Given the preferred milkweed age and variation in monarch egg-laying rates throughout the season, we then examined whether there was an optimal time window to mow milkweed to increase monarch egg-laying. We hypothesized that the optimal date to mow milkweed would be the date the peak number of eggs were counted minus the optimal age of milkweed preferred by egg-laying females. We hypothesized that mowing too early would have little effect on egg laying, while mowing too late in the breeding season would result in direct mortality of developing monarchs during peak breeding, in addition to there not being sufficient time for milkweed to regenerate and monarchs to mature. To determine whether mowing could occur more than once during the optimal mowing window, we also estimated developmental time from egg to eclosion, which is temperature-dependent (Zalucki, 1982) . A subsequent mowing event should not occur while larvae or pupae, from eggs laid when milkweed was the optimal age following mowing, are still present within the managed area.
Methods

Study site
This study was conducted in the right-of-ways adjacent to two sections of Hwy 40 in Sarnia, Ontario, Canada (42.973 N, 82.345 W) where common milkweed (Asclepias syriaca) naturally occurs. The roadway was a two-lane paved highway with a speed limit of 80 km/h. Roadsides were naturalized grasses and shrub vegetation that was not actively managed for several years prior to the experiment. Plots were established in autumn 2015 and spring 2016, and mowing experiments were conducted during summer 2016 and 2017.
Experimental set-up
In September 2015 and June 2016, 49 paired plots were established at three different sizes to have variation in milkweed density among plots. There were 16 small (9 m 2 ), 16 medium (49 m 2 ), and 17 large (144 m 2 ) plots established. Plots were established at least 2 m apart in areas with 30e160 naturally occurring common milkweed plants per plot, resulting in milkweed densities ranging from 0.3 plants/m 2 to 6.9 plants/m 2 in the first week of June 2016. The plots were divided in half, with one side randomly assigned to be experimentally mowed once each year according to one of eight mowing treatments between mid-June and early August ( Table 1 ). The other side of the plot was not mowed (control). Flags were used to demarcate all four corners of the plot and divide the two plot sides. Plots were mowed without disturbing the flags using a Briggs & Stratton (Wauwatosa, Wisconsin, USA) push mower with blades at a height of approximately 4 cm off the ground. This is shorter than is typical of mowing practices (15 cm; Zartman et al., 2013) and shorter than is recommended for monarch habitat (>25 cm; Pelton et al., 2018) , so milkweed may have regenerated more slowly than usual. Following standard practices of mowing in right-of-ways, vegetation was not removed after mowing.
Egg and larval surveys
Plots were surveyed weekly from late June through the end of August for milkweed characteristics (see below) and monarch presence (eggs and larvae). At each milkweed plant, we recorded the number of monarch eggs and larvae, the plant height (cm), and condition (measured on a scale of 1e4; 1 ¼ <5%, 2 ¼ 5e40%, 3 ¼ 41e80%, 4 ¼ 81e100% of the plant discoloured or withered). In each instance where an egg or larva was found, we recorded the instar (larvae only; instar 1 through 5) and the height (cm) on the plant stem where the egg/larva was found.
Temperature data
To determine development rates from egg to eclosion, which depends on ambient temperature (Zalucki, 1982) , we installed several thermochron iButtons (Maxim Integrated Products, Sunnyvale, California, USA) to record temperatures in plots throughout the summer of 2016 and 2017. Up to 15 pairs of iButtons were placed 30 cm from the ground in experimental plots (one on the mowed side and one on the control side) to record temperature every 30e60 min. Data were collected bi- Table 1 Timing of plot mowing and number of replicates for each mowing treatment in 2016 and 2017. The number or replicates for each plot size are listed (L ¼ large, M ¼ medium, S ¼ small). The plots were paired plots, with one half experimentally mowed according to one of the mowing treatments, while the other half was a control.
Mowing treatment
Number of replicates Total number of replicates 2016 2017 weekly and iButtons reset after each collection. Several iButtons stopped working before the end of the summer, decreasing the number of plots sampled by the end of the season. We calculated mean temperature within plots from the iButton data and used temperature-dependent equations developed by Zalucki (1982) to estimate larval developmental rates.
Statistical analyses
R version 3.4.4 (R Core Team, 2018) was used for all statistical analyses. To examine the factors that influenced overall egglaying preference, we used a binomial generalized linear mixed model implemented with the lme4 package (Bates et al., 2015) . This model was used to explain whether there were eggs or not on a milkweed plant based on the following fixed effects: milkweed density in the plot, plant height (cm), plant condition, survey date, and year. A quadratic term was included in the model for both plant height and survey date to test for a parabolic relationship. We expected that monarchs would prefer young (short) or tall milkweed (Zalucki and Kitching, 1982) . We also expected that egg laying would begin slowly, peak mid-summer, and then taper off at the end of the summer. Plot ID was included as a random effect. The continuous variables (milkweed density, plant height, condition, and survey date) were on vastly different scales, so they were scaled using the base scale function in R (created z-scores).
We compared egg counts following mowing between the mowed and control plot sides, using the glmmTMB package (Brooks et al., 2017) to implement a zero-inflated generalized linear mixed model with a Poisson distribution. The model explained the number of eggs in a plot based on the following fixed effects: plot side (mowed or control), survey date, and year. A quadratic term for survey date was included in the model to test for a parabolic relationship with the number of eggs laid. We also included an interaction between plot side and survey date and an interaction between plot side and survey date 2 to test whether the effect of survey date on the number of eggs laid depended on the plot side. Plot ID was included as a random effect. An offset of the number of milkweeds in the plot side was included in this model so that the response variable (number of eggs) was a per milkweed measure. Survey date was scaled (via z-scores) for model convergence.
To determine an optimal mowing strategy for increasing monarch reproduction, a final egg-laying model was used to explain egg counts in the mowed side of plots based on the following fixed effects: the week the plot was mowed, number of days since mowing, and year. This model was a zero-inflated generalized linear mixed model with a Poisson distribution (glmmTMB package; Brooks et al., 2017) . Quadratic 'mow week' and 'days since mow' terms were included in the model to test for a parabolic relationship between these variables and the number of eggs counted. Plot ID was included as a random effect. An offset of the number of milkweeds in the plot side was also included in this model so that the response variable (number of eggs) was a per milkweed measure.
Results
Overall, 2017 was a more productive year for egg laying than 2016 (Tables 2e4). In 2016, a drought year in Southern Ontario, there were only 36 eggs counted throughout the entire season, compared to 437 eggs in 2017. Over both years, 90% of the plants surveyed (n ¼ 54,278) were ranked with a condition of 1 (<5% discolouration or withering), 7% were ranked as 2 (5e40%), 1% were ranked as 3 (41e80%), and 1% were ranked as 4 (81e100%).
General egg-laying preferences
Eggs were preferentially laid on milkweed of better condition (less discolouration/withering; b ¼ À0.47 ± 0.10, z ¼ À4.72, p < 0.001; Table 2 ). There was a significant parabolic (opening up) relationship between milkweed height and the presence of eggs (milkweed height: b ¼ À0.47 ± 0.07, z ¼ À6.35, p < 0.001 and milkweed height 2 : b ¼ 0.29 ± 0.04, z ¼ 7.96, p < 0.001; Table 2 ), suggesting that eggs were preferentially laid on short (regenerating) and tall milkweed, but not milkweed of Table 2 Model summary of parameter estimates from a binomial generalized linear mixed model explaining whether there were eggs or not on a milkweed plant based on milkweed density in the plot, milkweed height (cm), milkweed condition (measured on a scale of 1e4, 4 being the worst condition), survey date (Julian), year, and plot ID (random effect). Number of observations ¼ 54,278. Both mowed and unmowed control plots were included in the model. b ¼ À1.24 ± 0.10, z ¼ À12.03, p < 0.001; Table 2 ). The highest total number of eggs across all plots were counted at the end of
July. There was no significant effect of milkweed density on eggs being present or absent (b ¼ À0.01 ± 0.13, z ¼ 0.06, p ¼ 0.95; Table 2 ).
Effects of mowing on egg laying
Mowing had a positive effect on the number of eggs laid in a plot following mowing (b ¼ 1.67 ± 0.26, z ¼ 6.45, p < 0.001; Table 3 ; Fig. 1a ). In this model, there was no significant effect of survey date on the number of eggs laid (survey date: Table 3 ). These interactions indicate that in mowed plot sides, there was a more negative effect of survey date on the number of eggs laid than in control plots. On average, 0.033 ± 0.128 (SD) eggs were laid per plant in mowed plots following mowing compared to 0.007 ± 0.061 eggs/plant in control plots.
Timing of mowing and preferred milkweed age
Among mowed plots, there was no significant effect of the week a plot was mowed on the number off eggs counted in a plot following mowing, though the parameter estimates showed a trend toward a parabolic (opening down) relationship Table 4 ; Fig. 2 ). The most eggs laid per plant following mowing were in plots mowed between the 2nd and 3rd weeks of July (Table 5 ; Fig. 1a ). There were no eggs laid in plots that were mowed in the 3rd week of June or 2nd week of August. There was a trend toward a parabolic (opening down) relationship between the days since a plot was mowed (milkweed age) and the number of eggs counted in a plot following mowing (Fig. 2) , but only the quadratic term was significant (days since mow: b ¼ 0.06 ± 0.04, z ¼ 1.49, p ¼ 0.14 and days since mow 2 : b ¼ À0.002 ± 0.001, z ¼ À3.15, p < 0.01; Table 4 ). Eggs were counted on regrowth There were no eggs counted on plots mowed in in the 3rd week of June or the 2nd week of August, so these treatments are not displayed. Error bars were large, with extensive overlap, and not included to simplify the figure. (b) Number of eggs counted per plant in mowed plots based on the number of weeks since the plot was mowed (milkweed age). The sample size decreases as the number of weeks since mow increases because plots were not surveyed past the first week of September. milkweed as early as 7 days following mowing, though plots were not revisited sooner than 6 days following mowing. The maximum number of eggs/plant counted in mowed plots occurred 1e3 weeks after the plot was mowed (Fig. 1a and b) .
Larval development rate
Larval development from egg to eclosion was estimated at on average 22 days (range: 20.5e23.6 days).
Discussion
Our results suggest that mowing can have a positive effect on monarch egg laying depending on the time of year habitats are mowed in relation to peak egg laying rates and milkweed age preference. At our site in southern Ontario, we showed that the optimal time to mow (2nde3rd week of July; Table 5 ) corresponded to seasonal peak egg-laying (end of July) minus the preferred age of milkweed by female monarchs (1e3 weeks since mow; Fig. 1a and b) . This preferred age of milkweed corresponds to the amount of time it took predators to recolonize mowed milkweed in a previous study (2e4 weeks; Haan and Landis, 2019) . In addition to a preference for regenerating milkweed, we found that monarchs preferred to lay eggs on the tallest milkweed plants and milkweed plants in good condition. There was no preference for oviposition in low-density milkweed patches, unlike in previous studies (Zalucki and Suzuki, 1987; Pitman et al., 2018) . This may be because maximum milkweed densities in this study were low (11 milkweeds/m 2 ) compared to previous studies (29 milkweeds/m 2 ;
Zalucki and Suzuki, 1987, 58 milkweeds/m 2 ; Pitman et al., 2018) .
The timing of mowing did not have a statistically significant effect on egg laying, but mowing mid-July resulted in the largest number of eggs laid per plant at our study sites in southern Ontario, in the north-central part of the monarch breeding range (Table 5 , Fig. 2 ). The effect of mowing prior to July at this latitude is unclear because few eggs were laid before July, but the survival of these eggs may be particularly important since they are produced by the first generation of monarchs. Mowing late July through mid-August would have resulted in higher mortality due to mowing during seasonal peak egg laying. In this study, plots were not mowed more than once in a season, yet considering the frequency of mowing would be important for allowing eggs that are laid following mowing to develop into adults prior to a second mowing event. Developmental time was estimated at 22 days from egg to adult and, further, peak egg laying occurred up to three weeks after a plot was mowed (Fig. 1a) . This means that subsequent mowing could not have occurred sooner than 43 days after the previous mowing event if a majority of the eggs laid on mowed milkweed were to safely reach the adult stage. Lastly, when developing management plans for a large area of habitat, the extent of mowing within the habitat should be considered. Egg laying may not resume immediately after mowing as milkweed regrows, so a number of milkweeds should be left for monarchs to lay eggs while mowed milkweed is unavailable. Given these constraints, summer mowing of common milkweed in managed landscapes should not occur more than once around mid-July at this latitude (43 N), ideally leaving a few patches of mature milkweed behind.
Given that eastern North American monarch butterflies breed across a wide geographic area, optimal mowing regimes will no doubt differ by geographic location (particularly latitude) and local plant phenology. Furthermore, monarchs use at least 27 different species of milkweed across their range (Malcolm and Brower, 1986) and optimal strategies will likely differ depending on the target milkweed species. Since common milkweed is dominant in mid-west roadsides (Kasten et al., 2016) , results from our study will be widely applicable. Similar to our results, in upstate New York (~42 N), the timing of mowing common milkweed differentially influenced the number of eggs laid on mowed plants (Fischer et al., 2015) . There was increased egg-laying on plants that were mowed up until July 24 (a few days later than our study), but milkweeds that were mowed in August did not regrow with sufficient time left in the breeding season to allow for oviposition. The breeding season was also extended by 2 weeks as a result of mowing in July at this latitude. Similarly, mowing common milkweed in Virginia (~39 N) resulted in a three-week extension of the breeding season (Alcock et al., 2016 ), yet, unlike in upstate New York or southern Ontario, mowing was able to occur until mid-August at this latitude. In contrast to the studies in New York and Virginia, we found no evidence that the breeding season was extended in response to mowing, though we did not survey past the first week of September. While uncertainty remains about mowing regimes across the monarch breeding range and depending on the species of milkweed involved, these three studies (current study, Fischer et al., 2015; Alcock et al., 2016) show that mowing milkweed to benefit breeding monarchs can occur later in the season with decreasing latitude. Between 43 N and 39 N, mowing was beneficial for approximately one additional week into the summer with each degree of latitude south. However, mowing frequency is still an essential consideration and should not occur more frequently than every 43 days based on monarch developmental time at this latitude, though developmental time varies geographically by temperature (Urquhart, 1960; Zalucki, 1982) .
Results from this study suggest habitat management may increase habitat quality for monarchs along roadsides. While there have been lower egg densities reported in roadside habitat compared to other habitats (Kasten et al., 2016; Pitman et al., 2018) , roadsides could still represent an undervalued conservation resource owing to the reduction of milkweed in agricultural landscapes (Hartzler, 2010) and high incidence of milkweed in roadside habitats (Hartzler, 2010; Kasten et al., 2016 , Grant et al., 2018 . In addition, maintaining breeding habitat in linear right-of-ways ensures landscape connectivity (Ries et al., 2001) , which could increase monarch oviposition rates (Zalucki et al., 2016) . However, there is the potential that improving habitat quality for monarchs in roadsides could act as an ecological trap. Uptake of road salt run-off or contaminants from cars by milkweeds have the potential to negatively affect feeding monarchs. In one study, larval survival rates were lower on roadside-collected milkweed compared to prairie-collected milkweed, though it is unclear whether this was due to the elevated sodium levels in roadside milkweed or another factor (Snell-Rood et al., 2014) . Monarchs are sodiumlimited, and though extreme levels are dangerous, access to sodium has been shown to benefit developing monarchs (Snell-Rood et al., 2014) . In addition, monarchs risk fatal collisions with vehicles (McKenna et al., 2001; Keilsohn et al., 2018; Kantola et al., 2019) and developing larvae that are exposed to traffic noise could perceive it as a stressor (Davis et al., 2018) . Reducing the negative impact of traffic will be essential to maximizing the conservation potential of roadsides. Mowing may increase dispersal as individuals are forced to find new habitat, so reducing the frequency of mowing and mowing only a portion of roadside habitat can reduce road mortality (Sk orka et al., 2013) . In addition, estimating larval survival rates (a challenge with unmarked individuals), both among habitats and depending on different management practices, is an important next step toward understanding the conservation potential of roadsides.
Management strategies identified in this study are broadly applicable, both to other managed landscapes, such as power line corridors and urban parks, and because they may benefit other species that rely on landscapes in an early successional stage. For example, power line corridors are another undervalued conservation resource, where optimal timing and frequency of mowing of selected areas in the corridor could benefit not only monarchs, but also a variety of other butterflies (Lensu et al., 2011; Berg et al., 2013) . Further, a single mowing event in summer would renew nectar resources for numerous insects when plants re-flower later in the summer (Noordijk et al., 2009) , while reducing the frequency of mowing may increase native plant species richness (Entsminger et al., 2017) . Management across various landscapes would also boost habitat connectivity for monarchs and other early successional-reliant species (Ries et al., 2001) . However, avoiding mowing in certain areas remains important because it ensures habitat is available while mowed areas regenerate. It also preserves sections with taller vegetation (e.g. shrubs) to avoid completely altering habitat structure in these landscapes, considering that other organisms are reliant on this habitat. While mowing may make habitat attractive to some ground-nesting birds, mowing prior to August may not allow enough time for fledging and result in high nestling mortality (Patterson et al., 1996; Dale et al., 1997) . Thus, the optimal mow date may need to shift to balance the needs of multiple species. Lack of optimal mowing practices in these habitats could either lead to ecological succession (i.e. avoiding mowing) or infrequent vegetation availability and high mortality of young (i.e. mowing too often).
Recovery and conservation of migratory eastern North American monarch butterflies, a population that has declined precipitously (Brower et al., 2012; Vidal and Rend on-Salinas, 2014) , relies heavily on mitigating the drastic loss of milkweed on the landscape in the past few decades (Flockhart et al., 2015; Pleasants, 2017) . Whereas increasing the quantity of milkweed should be a priority, monarchs can also benefit from improving the quality of existing milkweed on the landscape. We show that adhering to an optimal mowing regime in managed landscapes, such as right-of-ways, increases monarch oviposition. Management that considers the timing, frequency, and extent of mowing is optimal for breeding monarchs. We recommend that if mowing is to occur in the summer, it should occur before the seasonal breeding peak (timing), no more than once during this period (frequency), and some milkweed patches must not be mowed to ensure there remains oviposition substrate while mowed milkweed regenerates (extent). Further, rapid action is required if we are to reverse declines and aid in the recovery of this iconic species. . The MTO provided us access to the study site, but the funding sponsors were not involved in the study design, data collection, analysis, interpretation, or writing of the manuscript.
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